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Summary 


Virion RNAs from the bovine enteric coronavirus and the human 
respiratory coronavirus OC 43 were compared by one dimensional gel electro~ 
phoresis and by oligonucleotide fingerprinting. For each virus, approxi- 
mately 55 per cent of the RNA migrated as a 6.8 Md species, 10 per cent as 
a 0.68 Md species, and 15 per cent as heterogeneous small molecular weight 
RNA. A sequence homology of greater than 96 per cent was observed between 
the 6.8 Md species from the two viruses. The 0.68 Md RNA is apparently 
an intravirion, subgenomic, polyadenylated molecule based on RNAse 
studies, oligo(dT)-cellulose chromatography, and hybridization to a cDNA. 
clone of the 3’ terminal 1.19 Kb region of the bovine coronavirus genome. 


Introduction 


The bovine enteric coronavirus (BCV) causes a severe enteritis in young 
calves (18). The human respiratory coronavirus 0C43 (HCV OC43) causes. 
only a mild upper respiratory disease in humans of all ages (16). Recent 
evidence suggests that these viruses are structurally closely related. Both 
agglutinate erythrocytes from mice, rats, and chickens (10, 15, 19), and 
both share antigens as determined by immunofluorescence (20). No biological 
or structural data exists to rigorously differentiate between these viruses. 
Because a significant fraction of the human population (7 to 69 per cent) 
both in Europe and the United States carry antibodies that are able 
to neutralize, immunoprecipitate, and indirectly immunofluoresce the 
bovine coronavirus (22), the possibility exists that the bovine coronavirus 
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and the human coronavirus OC43 are two names for the same virus with 
zoonotic potential. 

In this report we describe studies designed to compare genome sequences 
between the two viruses. The bovine coronavirus (Mebus strain) and the 
human respiratory coronavirus OC43, when grown on the same human cell 
line, share a sequence homology of greater than 96 per cent as determined 
by Ty oligonucleotide fingerprinting but each possess unique oligonucleotides 
and are thus distinctly different viruses. Both viruses incorporated a 
significant amount of subgenomic 0.68 Md RNA late in the replication 
cycle and this may have implications for viral RNA sequence analyses. 


Materials and Methods 


Cells and Viruses 


The human rectal adenocarcinoma cell line HRT-18 (23) was obtained from J. 
Laporte, France, and was grown as monolayers in Dulbecco Modified Eagle Medium 
containing 50 ug gentamicin per ml and 5 per cent fetal calf serum (Sterile Systems, 
Logan, Utah) heat inactivated at 56°C for 30 minutes. The Mebus strain of BCV 
(11, 19) which had undergone approximately 60 passages in tissue culture was cloned 
by four successive isolations from single plaques. The human respiratory coronavirus 
OC48 which had undergone seven passages in human embryonic tracheal organ 
culture and 15 passages in suckling mouse brain (16) was obtained from 8. Weiss, 
University of Pennsylvania, Philadelphia, Pennsylvania, and was cloned by two 
successive isolations from single plaques. For each virus, a clone was passaged twice 
at a multiplicity of <0.1 PFU per cell, and then viral stocks were prepared from 
passages 3 through 6 by infecting cells at a multiplicity of approximately 0.5 PFU 
per cell. Viral titers ranging from 107 PFU per ml for OC43 to 108 PFU per ml for 
BCV were obtained in stock virus preparations. 


Radiolabeling and Purification of Virus 


Confluent monolayers of cells grown in 150 cm? flasks were infected with a 
multiplicity of 1—5 PFU per cell, rinsed, and fed with 20 mls per flask of medium 
containing 10 per cent normal phosphate concentration, 20 per cent fetal calf serum 
and 50 uCi of 82Pi per ml. Infected cells were incubated 72—96 hours at 37° C and 
virus was purified from supernatant fluids as described previously (2) except that 
sucrose was dissolved in TMEN (50 mm Tris-acid maleate [pH 6], 0.1m NaCl, 1 mm 
EDTA). 

Analysis of RNA 

RNA was extracted from purified virus using SDS, proteinase K and phenol as 
described previously (2). 

For electrophoretic analysis virion RNA was denatured in glyoxal and dimethyl- 
sulfoxide, and electrophoresed on 1 per cent agarose gels in a vertical slab apparatus 
of 10 cm x 14 em x 3 mm dimensions using the method of McMaster and CarRMICHAEL 
(17). Gels were dehydrated in two successive 30 minutes baths of 100 per cent 
methanol, compressed by blotting to a thickness of <1 mm, and exposed to X-Omat 
film. 

For Ty-oligonucleotide fingerprint analysis virion genomic RNA species were 
isolated by rate zonal sedimentation on preformed linear gradients of 30 to 15 per 
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cent (wt/wt) sucrose containing 0.1 per cent SDS, 0.02 w Tris-hydrochloride, pH 7.4, 
0.1m NaCi, and 0.001 mu EDTA, for 1.5 hours at 110,000 xg in a Sorvall 650 rotor, 
at 25° C. Fractions (0.2 ml) were collected and the distribution of radioactivity was 
determined by Cerenkov radiation. RNA was precipitated at —20°C for 16 hours 
by adding 2 volumes of 100 per cent ethanol and 0.1 volume of 2 m sodium acetate. 
RNA. was digested to completion with RNAse Ti and electrophoresed in two di- 
mensions on polyacrylamide gels according to the method of DeWacuter and Fizrs 
(5) as modified by ClEwxey eé al. (3). 


Results 


Virion RNA 


Experiments in which BCV RNA was labeled with [8H]-uridine for the 
first 48 hours postinfection and electrophoretically analyzed on formalde- 
hyde-agarose gels revealed only a high molecular weight species that 


BCV 0C43 


0.68 


Fig. 1. Agarose gel electrophoresis of virion RNA after glyoxal-dimethylsulfoxide dena- 
turation. Lanes: 1 BCV RNA that bound to oligo (dT) cellulose (Type 7, PL Biochemicals, 
Inc.) under conditions of 0.12 mM NaCl, 0.01™m Tris HCl (pH 7.5), immu EDTA, 0.2 
per cent SDS and eluted with water; 2 BCV RNA from purified virus; 3 BCV RNA 
from virus treated with 20 ug bovine pancreatic ribonuclease A (Sigma) per ml for 
1.5 hours at 37°C prior to virus purification; 4 OC43 RNA from purified virus; 
é HCV 0C43 RNA from virus treated with 20 wg bovine pancreatic ribonuclease A 
(Sigma) per ml for 1.5 hours at 37° C prior to virus purification. 6.8 and 0.68 refer 
to molecular weight x 10-®. Percentage composition was determined by slicing the 
radioactive bands from the agarose, using the autoradiogram as a template, and 
counting the gel slices in Scintiverse (Fisher) 
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comigrated with porcine transmissible gastroenteritis virus genomic RNA 
(2, and data not shown). BCV genomic RNA therefore has a molecular 
weight of approximately 6.8 x 106. When virion RNA from both BCV and 
OC43 was labeled in vivo with 32P-orthophosphate for 72 to 96 hours post- 
infection and analyzed on denaturing glyoxal-agarose gels, approximately 
55 per cent from each virus migrated as a 6.810% M.W. species (Fig. 1). 
Approximately 10 per cent migrated as a distinct species with an electro- 
phoretic mobility close to that of 188 ribosomal RNA and therefore had 
an apparent molecular weight of 0.68 x 106 (Fig. 1). Approximately 15 per 


Fig. 2. Oligonucleotide fingerprints of BCV and HCV OC43 genomic RNAs. 1 to 3 
x 105 Cerenkov counts were used per gel. Spots common to both viruses, as determined 
by a mixing experiment, are hatched in the schematic diagram 
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cent of the RNA from each virus migrated as heterogeneous small molecular 
weight RNA between 48 and 188 in size. The remainder of the RNA was 
heterogeneous and was distributed throughout the gel. 


Genome Sequence Homology as Determined by Oligonucleotide Fingerprinting 


To measure the degree of relatedness between BCV and HCV 0C43, high 
molecular weight genomic RNA was isolated for each virus by rate zonal 
sedimentation in sucrose gradients, fingerprinted separately, and then as 
a mixture using an equal number of counts (Fig. 2). Inspection revealed a 
high degree of similarity between the two viruses consistent with earlier 
reports of close antigenic relatedness (6, 20) and our own recent work (9). 
Of the 27 large resolvable oligonucleotides for BCV, 9 were unique to BCV, 
and of the 26 large resolvable oligonucleotides for HCV OC438, 8 were unique 
to HCV O0C43. 18 oligonucleotides were in common and represent a comi- 
gration of 66-—-69 per cent of the large oligonucleotides. Assuming that 
sequence homology demonstrated in the large oligonucleotides is repre- 
sentative of the remaining genome, we conclude there is a common nucleotide 
sequence of greater than 96 per cent between the two virus genomes based 
on computer simulation of T, oligonucleotide mapping (1). 


Properties of the Virion 0.68 Md Species 

Incubating virus with pancreatic ribonuclease prior to purification, 
under conditions that completely destroy the integrity of ribosomal RNA, 
failed to destroy the 0.68 Md RNA (Fig. 1). From this we conclude the 
species is intravirion. The 0.68 Md RNA from BCV annealed to oligo(dT) 
cellulose indicating that itis polyadenylated (Fig.1) and annealed to®2P-labeled 
cloned cDNA representing the 3’ terminal 1.19 Kb sequence of BCV genomic 
RNA (data not shown) indicating that this RNA is either an encapsidated 
subgenomic virus mRNA or possibly a defective genome of the type described 
for defective interfering particles of other positive-strand viruses. 


Discussion 


Our studies demonstrate that BCV (Mebus strain) and HCV OC43 can 
both be grown on the human rectal adenocarcinoma cell line (HRT-18). 
Other strains of BCV, including an isolate from France (13), the LY-138 
strain (8) and a primary isolate from the University of Tennessee, College of 
Veterinary Medicine (our unpublished observations), and HCV OC43-like 
viruses (14) can also grow on these cells without adaptation. Because the 
HRT-18 cells retain many properties of differentiated tissue cells (23), these 
observations are consistent with the notion that there is no rigid species 
restriction on the growth of these coronaviruses and that they may have 
zoonotic potential. BCV reportedly caused diarrhea in one investigator and 
the virus was reisolated from this person (22). 
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Our studies further establish that BCV (Mebus strain) and HCV 0C43, 
although similar, are not identical viruses. The cytopathic effects caused 
by BOV and HCV 0C43 are not identical (data not shown). BCV causes a 
foamy appearance of the cell cytoplasm and a clumping of infected cells 
and HCV OC43 causes a disintegration of the cell into small pieces. Both 
cause small (1-—2 mm) opaque plaques under agar and both can be detected 
by hemadsorption following agar removal. No difference in size can be 
detected between the genomes of BCV and HCV 0C43 by one-dimensional 
gel electrophoresis of glycosylated RNA. The genome for both viruses 
therefore measures approximately 6.8 x 106 M.W. since the genome of BCV 
comigrates with the 6.8x 10° M.W. genome of the porcine transmissible 
gastroenteritis virus in agarose gels after being denatured with formaldehyde 
(2 and data not shown). 

The comparative analysis of oligonucleotide fingerprints between the 
BCV and HCV 0C43 genome RNAs suggests they have a sequence divergence 
of 3—4 per cent. The exact degree of divergence cannot be determined using 
this technique since the large oligonucleotides probably represent less than 
10 per cent of the entire genome, but clearly these are not identical viruses. 
A sequence divergence of 3—4 per cent is consistent with a distinct difference 
in the behavior of 3 of the 4 homologous proteins we observe between the 
two viruses (9). 

In preparations of BCV and HCV 0C43 labeled with ®2P orthophosphate 
for 72—96 hours we found a 0.68 x 10® M.W. species representing 10 per cent 
of total virion RNA. For BCV we have shown this to be intravirion, poly- 
adenylated, and subgenomic. Its function is unknown. It was not detected. 
in earlier studies on BCV that employed *H-uridine for labeling periods of 
less than 48 hours (7). Since our studies here use labeling periods of greater 
than 48 hours it is possible that the 0.68 x 106 M.W. species becomes incor- 
porated only late in infection and may represent adventitious encapsidation 
of a viral subgenomic messenger RNA of the type described for several 
coronaviruses (4, 12, 21). Further studies are needed to confirm this interpre- 
tation. 
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